Introduction
Impingement syndrome is one of the most common pain disorders of the shoulder; it may be due to structural alteration of acromion, coracoacromial ligament, acromioclavicular joint, biceps tendon or coracoid process [1] ; however, in rare cases, impingement syndrome may be due also by benign tumors like osteochondroma [2] . Osteochondroma is the second most common benign bone tumor following non-ossifying fibroma [1] . These lesions are thought to arise from the aberrant growth of normal epiphyseal growth plate cartilage [2] . 90% of osteochondromas arise from the metaphyseal regions of long bones (e.g., distal, femur, proximal tibia, or proximal humerus) [3] , while isolated clavicle localization is a rare entity [4] .
Case Report
This article presents a rare case of impingement syndrome caused by mechanical irritation of the rotator cuff by an osteochondroma of the inferior face of the lateral third of the clavicle. A 27-year-old male presented with 3-4 months' duration of severe right shoulder pain. He was in systemic steroid treatment for ankylosing spondylitis for 4 years. The pain was continuous with no antecedent trauma. Conservative treatments were proposed with anti-inflammatories, activity modif ication, physical therapy, and a subacromial corticosteroid injection with moderate pain relief. He reported no constitutional symptoms such as fever, weight loss, night sweats, or chills. Examination of the shoulder revealed slight atrophy of supraspinatus muscle, no deformity, or scapular dyskinesis. There was focal tenderness to palpation over the acromioclavicular joint. Range of motion testing revealed 80° forward flexion, 60° abduction, 20° external rotation, and internal rotation to sacroiliac joint, all with exacerbated pain. Impingement signs were present with positive Neer and Hawkins maneuvers. Jobe test was positive. No abnormal bony prominences or lymphadenopathy was noted on the remainder of the patient's extremities or axial skeleton.
Radiological description
Plain radiography of the shoulder shows a bony prominence protruded inferiorly from the undersurface of the clavicle with the reduction of subacromial sliding space (Fig.1) . Computed tomography images better show osseous prominence near acromioclavicular joint with the cortical connection. This lesion has a maximum diameter on the coronary plane of 22 mm and on the sagittal plane of 26 mm with cortical implant of 9 mm (Fig.2) . Magnetic resonance imaging examination revealed the cartilage cap of the exostosis which, at the center zone, shows irregular continuous solution extended to the underlying subchondral bone (Fig.3a) . The osteochondroma compressed and displaced posteriorly the supraspinatusmuscular belly that shows edema but preserve sregulartropism (Fig.3b) .
Surgical procedure
As the patient had failed non-operative treatment, he elected to undergo excision of the osteochondroma. An arthroscopic diagnostic procedure was performed by a senior experienced shoulder surgeon (AMR). No intra-articular pathology was found. Abundant subacromial bursitis was noted. The bony prominence was seen abrading the supraspinatus muscle belly, creating a rent in the muscle. The rotator cuff tendons were intact, but supraspinatus tendon seemed to be lightly damaged at muscle-tendon junction. After subacromial bursectomy, the osseous prominence was visualized. The size of the neoformation made it difficult to remove without cutting. The decision was for open surgery. A 5-cm incision centered on the acromioclavicular joint was developed; after a deltoid split, osteochondroma underwent to removal. Anatomic-pathologic examination of the mass was diagnostic of osteochondroma of the clavicle. The patient began immediate physical therapy. He resumed full activity, including tennis and ice hockey, with no restriction or pain within 1 month after surgery. Post-operative range of motion testing revealed symmetric motion to the contralateral limb with 170° forward flexion, 90° abduction, 60° external rotation with the arm at the side, and internal rotation to T10. He increased 24/25 strength of the deltoid and rotator cuff postoperatively. He is currently doing well and is satisfied with his outcome thus far, nearly 1 year postoperatively. Repeat post-operative imaging studies have revealed no recurrence.
Discussion
Osteochondroma, also known as osteocartilaginous exostosis, is characterized by a cartilage-capped bony projection on the external surface of a bone [5, 6] . It is usually diagnosed in patients before their third decade. Osteochondroma, which has its own growth plate, usually stops growing at skeletal maturity.
Variants of osteochondroma include subungual exostosis, t u r r e t e x o s t o s i s , t r a c t i o n e x o s t o s i s , b i z a r r e
parostealosteochondromatous proliferation, florid reactive periostitis, and dysplasia epiphysealishemimelica (also called intra-articular osteochondroma) [7] . Histologically, the osteochondroma cap is composed of hyaline cartilage arranged similarly to that of a growth plate; a zone of calcification in the chondro-osseous portion of the stalk corresponds to the zone of provisional calcification of the physis [8] . Beneath this zone, there is vascular invasion and replacement of the calcified cartilage by new bone formation, which undergoes maturation and merges with the cancellous bone of the host bone's medullary cavity [7] . They are often asymptomatic unless associated with a painful bursitis, osseous deformity, mechanical irritation of the rotator cuff, and impingement on neurovascular structures [5] . It causes pain which is thought to be caused by the encroachment of coracoacromial arch on the bursa and cuff [9, 10] . Osteochondroma may be complicated by a number of secondary abnormalities, including inflammatory changes of the bursa exostotica ("exostosis bursata") covering the cartilaginous cap, pressure on nerves, blood vessels, and the adjacent bone. The least common complication seen in <1% of cases of solitary lesions is malignant transformation to chondrosarcoma [11] . Malignant transformation to c h o n d r o s a r c o m a o c c u r s i n 1 % -2 % o f s o l i t a r y osteochondromas and 5%-25% of cases of multiple hereditary exostoses [12] . This transformation is typically accompanied b y n e w o n s e t p a i n a n d c o n t i n u e d g row t h o f t h e osteochondroma [3] . When symptomatic osteochondromas fail non-operative treatment, they often respond favorably to resection to reduce snapping and restore function [2] . Osteochondroma should be treated with total excision with open or arthroscopic techniques [13] . Recurrences can be seen in 2% of the cases due to insufficient removal of the lesion [7] . Arthroscopic total excision of the tumor may not always be possible. Surgeon's experience, localization, and size of the lesion are important factors for appropriate excision with arthroscopy [14] . Osteochondromas are often asymptomatic unless associated with a painful bursitis, cosmetic deformity, mechanical irritation during joint motion, impingement on neurovascular structures, or malignant transformation to chondrosarcoma [16] . When symptomatic clavicular osteochondromas fail nonoperative treatment, they often respond favorably to resection to reduce snapping and restore function [17] . 
Conclusion

Clinical Message
The diagnosis of clavicular osteochondroma should be considered in any patient with shoulder impingement syndrome, and good functional results can be expected the following total excision.
